ABSTRACT A protein fraction was obtained from human erythrocyte ghosts by solubilization with Triton X-100 or octylglucoside. Triton X-100 was removed from the protein by Bio-Beads SM-2 and octylglucoside, by diafiltration. The solubilized protein fraction catalyzed D-glucose uptake when reconstituted in sonicated liposomes. The min at 370, and sedimented at 78,000 X g for 30 min. The pellet was washed once with 100 ml of 0.1 mM EDTA, treated with 100 ml of 0.5 M NaCl, 5 mM Tris-H2SO4 (pH 7.4) for 20 min at 40, washed once with 50 ml of the same salt solution and twice with 50 ml of 10 mM Tris-H2SO4 (pH 7.4), and stored at -70°(5 mg of protein per ml in 10 mM Tris, H2SO4). We confirmed the previous observation that EDTA and NaCl treatment removed several proteins from the ghosts and converted the ghosts into small vesicles (25). Solubilization with detergents Solubilization with Triton X-100. Triton X-100 was treated with SnCl2 to remove peroxides (26, 27) . Most of the peroxides (more than 85%) were removed, as estimated by the ferrous thiocyanate method (28). Sodium-chloride-treated vesicles (40 mg of protein in 20 ml) were incubated with 0.5% of purified Triton X-100 in 10 mM Tris-H2SO4 (pH 7.4) for 20 min at 4°. After centrifugation at 100,000 X g for 60 min, the supernatant was treated with Bio-Beads SM-2 overnight (6 g wet weight of beads per 20 ml) at 40 (29), divided into small fractions, and stored at -70°.
The transport system for monosaccharides in human erythrocytes is one of the most extensively studied facilitated diffusion systems (1) (2) (3) . Although kinetic analyses have been performed in detail (4, 5) , attempts to isolate the component(s) involved have begun only recently. In inhibitor binding studies, band 3 protein (6), bands 3 and 4 (7), or another protein (molecular weight 180,000) (8) were implicated in this sugar transport [nomenclature is according to Steck (9) ]. Other attempts to isolate the essential component(s) of the sugar transport system based on glucose binding or reconstitution were not successful (2, (10) (11) (12) (13) (14) , see also ref. 15) . How- ever, other membrane transport systems have been reconstituted in liposomes by several methods (16) (17) (18) (19) (20) (21) (22) .
In this report, we show that a solubilized membrane protein fraction from human erythrocytes containing band 3 protein and other minor proteins is capable of D-glucose transport when reconstituted into liposomes by sonication.
MATERIALS AND METHODS

Materials D_[14C]Glucose and L-[14C]glucose were purchased from
New England Nuclear; Triton X-100, Tween 80, and soybean lipid (L-a-phosphatidylcholine, Type II-S), from Sigma; cytochalasin B, from Imperial Chemical; Bio-Beads SM-2, from Bio-Rad; membrane filters, from Millipore and Schleicher and Schuell; ultrafiltration membrane XM-50, from Amicon; and Sephadex G-50 medium, from Pharmacia. Octylglucoside (23) was a gift from Dr. E. Racker, this department.
Preparation of the membrane fraction Ghosts were prepared from newly outdated human erythrocytes according to Dodge et al. (24) and stored at -70°.
Ghosts were treated with EDTA and NaCl according to the procedure of Fairbanks et al. (25) with a slight modification. Ghosts (150 mg of protein in 30 ml) were thawed, treated with 10 volumes of 0.1 mM EDTA (pH 8.0) for 20 min at 370, and sedimented at 78,000 X g for 30 min. The pellet was washed once with 100 ml of 0.1 mM EDTA, treated with 100 ml of 0.5 M NaCl, 5 mM Tris-H2SO4 (pH 7.4) for 20 min at 40, washed once with 50 ml of the same salt solution and twice with 50 ml of 10 mM Tris-H2SO4 (pH 7.4), and stored at -70°(5 mg of protein per ml in 10 mM Tris, H2SO4). We confirmed the previous observation that EDTA and NaCl treatment removed several proteins from the ghosts and converted the ghosts into small vesicles (25) . Solubilization with detergents Solubilization with Triton X-100. Triton X-100 was treated with SnCl2 to remove peroxides (26, 27) . Most of the peroxides (more than 85%) were removed, as estimated by the ferrous thiocyanate method (28) . Sodium-chloride-treated vesicles (40 mg of protein in 20 ml) were incubated with 0.5% of purified Triton X-100 in 10 mM Tris-H2SO4 (pH 7.4) for 20 min at 4°. After centrifugation at 100,000 X g for 60 min, the supernatant was treated with Bio-Beads SM-2 overnight (6 g wet weight of beads per 20 ml) at 40 (29) , divided into small fractions, and stored at -70°.
Solubilization with Octylglucoside. Sodium-chloridetreated vesicles (14 mg of protein in 7 ml) were incubated with 30 mM octylglucoside in 10 mM Tris-H2SO4 (pH 7.4) for 30 min at 4°. After centrifugation at 100,000 X g for 60 min, the supernatant was subjected to diafiltration (XM-50; cut-off molecular weight, 50,000) against 10 mM TrisH2SO4 (pH 7.4) for 6 hr to overnight at 40. The protein fraction was divided into small fractions and stored at -70°. Reconstitution of D-glucose uptake system Acetone-washed soybean phospholipids (16) in a deoxygenated buffer (150 mM KC1, 10 (32) , phosphorus (33), Triton X-100 (29) , and octylglucoside (23) were measured as described. Sodium dodecyl sulfate gel electrophoresis (5% acrylamide, 0.2% sodium dodecyl sulfate) was performed according to the published method (25, 34) . Each gel was stained with Coomassie blue G, periodic acid-Schiff reagent (25) , or a carbocyanine dye (35) . Paper chromatography of sugars was performed using Whatman no. 4 paper and a solvent mixture of n-butanol, ethanol, and water (50:32:18). When the D-glucose uptake in the reconstituted liposomes was assayed with the membrane filter method more than 90% of the radioisotope on the filter co-migrated with D-glucose.
RESULTS AND DISCUSSION
Properties of the solubilized protein fractions *About half of the protein (47%) was removed from ghosts by the EDTA-NaCl treatment. The washed vesicles were incubated with non-ionic detergents (Triton X-100 or octylglucoside). Both detergents solubilized a considerable amount of protein from the vesicles (70% with Triton X-100 and 56% with octylglucoside). The protein fraction solubilized with Triton X-100 contained several proteins, of which a main protein was band 3 (36) , and octylglucoside gave the same result (Fig. 1) . Four glycoprotein bands (PAS 1-4) were also observed with periodic acid-Schiff staining or a carbocyanine dye staining (not shown). Phospholipids were also solubilized; 0.39 ,mol of total P per mg of protein with Triton X-100 and 0.56 Amol of total P per mg of protein with octylglucoside. Satisfactory removal of detergents was achieved by the Bio-Beads SM-2 treatment or diafiltration. Ultrafiltration was performed to determine the free detergent concentration in the final protein fractions; the ultrafiltrate contained 0.002% Triton X-100 or 10 WM octylglucoside. These values were well below the critical micelle concentrations of the detergents (23, 29) .
Characteristics of D-glucose uptake
The reconstituted liposomes showed time-dependent, rapid D-glucose uptake, with a half time of 6 sec ( Fig. 2A) The substrate specificity of the D-glucose uptake system was studied by inhibition with nonradioactive sugars (Table  1) . D-Glucose uptake was inhibited by several sugars (D-glucose, 2-deoxy-D-glucose, 3-O-methyl-D-glucose, D-mannose, D-galactose) which are known to have affinity for the monosaccharide transport system in erythrocytes (1, 37 (Table 3) . Sonication was essential for the reconstitution (Fig. 3 ), but sonication times longer than 3 min were inhibitory. The liposomes showed loss of D-['4C]glucose when chased with nonradioactive D-glucose (Fig. 4) 
